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ABSTRACT 
Microbial Communities Associated with Dragonfly Nymphs 
Raised in Varying Concentrations of Amoxicillin 
The bacteria on and within an organism make up that organism’s microbiome. 
Given interest in the use of antibiotics in agriculture and the effect of microbes on human 
health, more studies are needed on the microbial community composition of different 
organisms and how it responds to antibiotic use. This study investigated changes in the 
amount of antibiotic resistant bacteria present in dragonfly nymphs exposed to differing 
concentrations of amoxicillin. Next generation sequencing of the 16S rRNA gene was 
used to identify cultures of these antibiotic resistant bacteria. Increasing the concentration 
of antibiotics the dragonfly nymphs were exposed to resulted in greater numbers of 
antibiotic resistant bacteria. From both amoxicillin + TSA and TSA-only plates, 
Proteobacteria was the most abundant phyla detected. Bacteroidetes was the major phyla 
detected in nymphs raised in 0% amoxicillin and plated on amoxicillin + TSA plates. 
There was a high relative proportion of members of the phylum Firmicutes in all samples 
plated on TSA plates. In the nymphs raised in 0% amoxicillin plated on TSA plates, 
members of Firmicutes made up the majority of their microbiome. This study 
demonstrates that the bacterial communities associated with dragonfly nymphs are 
affected by changes in the environment, and that exposure to antibiotic pollution likely 
increases the number of antibiotic resistant bacteria within aquatic insects.  
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Introduction 
Despite being discovered by van Leeuwenhoek in the 17th century, humankind’s 
understanding of the microbial world is still largely limited (Pace 1997).  Carl Woese’s 
phylogenetic work organizing organisms into three divisions (Eukarya, Bacteria, 
Archaea) based on 16S ribosomal RNA (rRNA) revolutionized the understanding of 
microbial diversity (Woese, 1987). Following Woese’s work, Norman Pace used 16S 
rRNA approaches on samples collected directly from the environment, eliminating the 
need for culture-based methods, and expanding our understanding of microbial diversity 
(Pace, 1997). Over the past decade alone, the development of high-throughput 
sequencing technologies has resulted in a mass increase of our appreciation of microbial 
diversity (Waldor et al., 2015).  
Over the same time period that there has been an increased understanding of 
microbial diversity, there has been an increased use of antibiotics. In the United States in 
2010, there was an estimated antibiotic prescription rate of 506 per 1000 individuals in 
the population annually, of which only 353 were likely appropriately prescribed 
(Fleming-Dutra et al., 2016). This increased rate of prescribing antibiotics has led to 
antibiotic resistant bacteria (ARB) becoming of increasing concern (CDC, 2014). 
Resistance to antibiotics has been developing since Alexander Fleming discovered 
penicillin in 1928 (Fleming, 1944). While the incidence of antibiotic-resistant infections 
continues to rise in the United States, there has been a decline in research and in the 
development of new antibiotics in response to this epidemic (Spellberg et al., 2008). 
Antibiotic resistance of clinically significant bacterial pathogens based on data from 
hospitals across the US was found to be highest in/for Enterococcus faecium/vancomycin 
(87.1%), Staphylococcus aureus/oxacillin–methicillin (56.8%), and S. 
 8 
aureus/clindamycin (39.7%), which are also the most common pathogen/antibiotic pairs 
(Edelsberg et al., 2014). Antibiotics are not just limited to clinical settings and can also 
show up in the environment. For example, trace amounts of antibiotics have been 
detected from wastewater treatment plants (Liu et al., 2014), and these treatment plants 
may contain ARB.  
Antibiotic use in agriculture has also contributed to antibiotic resistance being a 
public health concern in humans (Chang et al., 2015). The main use of antibiotics in the 
agricultural industry is giving livestock many antibiotics to promote growth and to 
prevent infection (Khachatourians, 1998). Potential mechanisms of passing antibiotic 
resistance from agriculturally associated bacteria to those associated with humans include 
direct infection from an animal source, or the transfer of antibiotic resistant genes to 
human pathogens (Chang et al., 2015). For some years, antibiotic use in agriculture has 
exceeded that in medicine (FDA, 2012) and these antibiotics can enter agricultural runoff. 
Agricultural runoff can enter local water systems (Wang et al., 2016), which can affect 
microorganisms in these systems through the horizontal transfer of genetic material, 
including antibiotic resistance genes (Davies, 1994). As a result of horizontal gene 
transfer, ARB have been found in water and sediment as well as in aquatic organisms 
(Cabello, 2006). These organisms are involved in different parts of aquatic food chains, 
providing a further mechanism for conferring antibiotic resistant bacteria to other 
organisms.  
As with other organisms, communities of bacteria are naturally associated with 
dragonflies and constitute their microbiome. The hemimetamorphic life cycle of 
dragonflies includes both an aquatic nymph stage and a terrestrial adult stage (Glaser, 
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2007; May, 2013). The nymphs’ exposure to antibiotics in aquatic systems could result in 
them obtaining antibiotic resistant bacteria from their environment (Uilenburg et al. 
2006).  Dragonflies play a role in food webs, as they are preyed upon by fish, birds and 
other dragonflies (Knight et al., 2005), and these organisms are further preyed upon by 
other organisms. If dragonflies do indeed host ARB, this could serve as another method 
of transmission of ARB, especially if these bacteria are retained after metamorphosis into 
the adult. These antibiotic resistant bacteria could then be transmitted over long distances, 
as some adult dragonflies can migrate over hundreds to thousands of kilometers (May, 
2013).  One question, though, is whether dragonflies can even harbor ARB and if 
exposure to antibiotics selects for greater numbers of ARB in these organisms. This 
question led to the development of this study, which aimed to determine and compare the 
bacterial communities and their antibiotic resistance in dragonfly nymphs exposed to 
different concentrations of the antibiotic amoxicillin.  
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Methods 
Sample Collection  
 25 dragonfly nymphs, approximately 5 cm long and of similar appearance, were 
obtained from pond 7 at the University of Mississippi Field Station in Abbeville, 
Mississippi on July 19, 2017 from 1:30-2:30 pm. The weather was 33° C and sunny, and 
the pond water level was approximately 29 cm. Nymphs were collected by dip-netting, 
removed from foliage with tweezers and placed in sterile collecting jars along with a 
small volume of pond water. The samples were then transported back to the laboratory at 
the University of Mississippi main campus in Oxford, Mississippi. 
 
Experimental Exposure to Antibiotic Treatment 
Dragonfly nymphs were raised individually in microcosms with differing 
concentrations of amoxicillin. Microcosms consisted of sterilized (70% ethanol) plastic 
containers with a maximum volume of approximately 2 L with mesh netting placed on 
top. Approximately 325 mL of sterilized gravel was placed into each microcosm. 
Amoxicillin was dissolved in pond water and poured into the plastic containers through a 
strainer to remove suspended particles. Each microcosm was filled with 500 mL of RO 
water and 500 mL of pond water. The minimum inhibitory concentration (MIC) of 
amoxicillin was determined to be 0.016 g by methods outlined by Andrews (2001). Thus, 
five nymphs were raised in water with no amoxicillin (control), five at the MIC, five at 
2xMIC, and five at 5xMIC (i.e. four concentrations, with five replicates at each 
concentration). Experimental treatments ran for 10 d, and on each day nymph activity 
level was monitored and recorded, as was any nymph death. The dragonflies were not fed 
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during the duration of this experiment. After 10 d exposure to the experimental 
treatments, any living nymphs were processed for dissection. 
 
Nymph Processing 
Surviving nymphs were removed from containers and processed. Nymphs were 
dissected by slicing each surviving nymph sagittally with a straight razor using sterile 
techniques. Each whole nymph was placed in a centrifuge tube containing 1 ml of 0.85% 
sterile saline solution and vortexed for five minutes. A subsample of the liquid from the 
suspension was removed for plate counts of antibiotic resistant bacteria. This subsample 
was serially diluted in sterile saline and spread plated onto tryptic soy agar (TSA) plates 
containing no antibiotics and onto TSA plates amended with 3x MIC of amoxicillin.  
Plates were incubated at 37°C for 48 h. After 48 h, the number of visible colonies on each 
plate were counted. For each sample, colonies on the plate showing the greatest growth 
were scraped/washed with sterile saline into a 1.5 ml tube for determination of colony 
identity through 16S rRNA gene sequencing. Tubes were centrifuged (8,000 xg, 10 min), 
the supernatant removed, and the pellets frozen prior to DNA extraction. 
 
DNA Extraction and 16S rRNA Gene Sequencing 
The frozen samples for microbiome analysis were thawed, and DNA was 
extracted using a PowerSoil DNA Isolation Kit (Mo Bio Laboratories Inc. Carlsbad, CA). 
Agarose gel electrophoresis was used to confirm the presence of recovered DNA. A dual-
index barcoded Illumina next-generation sequencing approach was used to amplify and 
sequence the V4 region of the 16S rRNA gene (Kozich et al., 2013, Jackson et al., 2015) 
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which was sequenced at the University of Mississippi Medical Center (UMMC) 
Molecular and Genomics Core Facility on an Illumina MiSeq platform. Samples ma01-
ma16 were obtained from antibiotic plates, while samples mt01-mt16 were from TSA 
plates.  
 
Bioinformatics Sequence Analysis 
The bioinformatics software mothur (Schloss et al. 2009) was used to analyze 16S 
rRNA sequence data.  A series of system commands were used to remove sequences 
errors and align sequences against a 16S rRNA sequence database. VSEARCH software 
was used to remove chimeras, sequences which incorrectly combine during PCR 
amplification. The RDP sequence database was used to classify the remaining aligned 
sequences and contaminant sequences (those identified as Eukarya, Archaea, chloroplast, 
mitochondria, or unknown) were removed from the dataset. Bacterial sequences were 
then grouped into closely related individuals, operational taxonomic units (OTUs), which 
were determined by 97% sequence similarity (Schloss et al., 2009). Analysis of each 
bacterial community from each sample was performed based on the presence and relative 
abundance of these OTUs. Analysis of Variance (ANOVA) was used to examine 
differences in the composition of bacterial taxa in the nymphs at differing concentrations 
of amoxicillin and to compare ARB at each concentration.  
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Results  
 
All nymphs yield colonies of bacteria on both TSA and TSA + amoxicillin plates 
(Table 1). Nymphs raised in the same concentration of antibiotic had similar numbers of 
colony forming units (CFUs) on both TSA and TSA + amoxicillin plates. On the 
amoxicillin plates, the nymph with the least number of amoxicillin resistant bacteria was 
raised in 0% amoxicillin (N4), yielding 1.5x10# CFUs per nymph. The nymph with the 
most amoxicillin resistant bacteria was raised in 5xMIC amoxicillin (N16), yielding 
2.64x10$ CFUs. On the TSA-only plates, the sample from the nymph that displayed the 
most growth was raised in 5xMIC amoxicillin (N16), yielding 2.33x10$ CFUs. The 
sample plated on a TSA plate displaying the least amount of growth was raised in the 
MIC of amoxicillin (N7), yielding 9x10# CFUs. 
The mean number of CFUs on both TSA + amoxicillin and TSA only plates 
increased with increasing dosage of amoxicillin to which the nymphs were exposed (Figure 
1). This effect of antibiotic concentration was significant for both amoxicillin + TSA plates 
(ANOVA, p=0.05) and TSA plates (ANOVA, p=0.001). 
The most common bacterial phylum identified in cultures from amoxicillin plates, 
was Proteobacteria (Table 2). Other major phyla and subphyla included Firmicutes and 
Bacteroidetes (Table 2). While Proteobacteria was the most abundant phylum in each 
sample set, the portions of other major phyla varied from sample to sample, even within 
replicates of the same treatment type. For example, Bacteroidetes made up 23.4% of the 
sequences obtained from the ma03 sample, but only 3.9% of sequences from the ma02 
sample. 
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Nymph Concentration of Amoxicillin 
Growth on 
Amoxicillin 
(CFUs) 
Growth on TSA 
(CFUs) 
N1 0 9.00E+03 3.10E+04 
N2 0 1.10E+04 1.40E+06 
N3 0 4.00E+03 1.00E+06 
N4 0 1.59E+03 5.40E+04 
N5 MIC 7.40E+06 1.46E+07 
N6 MIC 1.95E+05 1.70E+06 
N7 MIC 4.40E+04 9.00E+03 
N8 MIC 1.20E+06 1.20E+06 
N9 2xMIC 3.50E+06 3.50E+06 
N10 2xMIC 4.00E+05 2.00E+06 
N11 2xMIC 1.00E+06 2.10E+06 
N12 2xMIC 5.00E+06 6.90E+06 
N13 5xMIC 7.20E+06 1.25E+07 
N14 5xMIC 1.15E+07 1.33E+07 
N15 5xMIC 1.90E+06 1.46E+07 
N16 5xMIC 2.64E+07 2.33E+07 
 
Table 1. Numbers of colony forming units (CFUs) obtained from dragonfly nymphs (N1-
N16) raised in different concentrations of amoxicillin for 10 d. A 0 indicates no 
amoxicillin, MIC is the minimum inhibitory concentration of amoxicillin, and 2x MIC 
and 5x MIC, represent twice and five times the MIC, respectively. Growth on 
Amoxicillin is the number of CFUs obtained on TSA plates amended with amoxicillin 
while Growth on TSA is the number of CFUs obtained on regular TSA plates.  
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Figure 1. Mean number of CFUs obtained from dragonfly nymphs exposed for 10 days to 
different doses of amoxicillin (0, MIC, 2xMIC, 5xMIC). Values are means (plus standard 
deviation) for four nymphs in each treatment and are shown for growth on amoxicillin + 
TSA plates (left) compared to grown on TSA only plates (right). The error bars represent 
the spread of the data within each treatment group around the mean value.  
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Table 2. Percentage of major bacterial phyla and subphyla in mixed cultures obtained 
from dragonfly nymphs raised on amoxicillin plates. The averages of the four surviving 
nymphs in each of the four treatment groups (0% amoxicillin, MIC, 2xMIC, 5xMIC 
amoxicillin) are shown.  
 
 
 
 
 
 
 
 
 
Taxon 0% MIC  2xMIC  5xMIC  
Acidobacteria 0.0075 0.0025 0.0025 0 
Actinobacteria 0.0125 0 0.0075 0 
Armatimonadetes 0 0 0.0025 0 
Bacteria_unclassified 0.16 0.005 0.035 0.005 
Bacteroidetes 7.2475 0.0975 0.035 0.0175 
Chloroflexi 0 0.0025 0 0 
Deinococcus-Thermus 0 0 0.0025 0 
Firmicutes 0.035 0.0775 0.3175 0.045 
Planctomycetes 0.0975 0 0.0025 0 
Proteobacteria 92.435 99.805 99.58 99.9325 
Verrucomicrobia 0.0075 0.0025 0.0225 0 
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Proteobacteria was also the most common phylum detected in cultures on TSA 
plates (Table 3). In these samples, the proportions of dominant phyla in each sample were 
more similar based on the concentration of antibiotic that nymph was raised in. For 
example, mt01-04 were raised without antibiotics and grown on TSA plates. Their 
relative proportion of Firmicutes were 63.1%, 59.6%, 81.1%, and 65.8%. mt09-12 were 
raised in 2xMIC amoxicillin, and their relative proportions of Firmicutes were 6.9%, 
22.3%, 10.8%, and 22.1%. The proportion of Firmicutes decreased and the proportion of 
Proteobacteria increased as the concentration of amoxicillin increased above the MIC in 
samples from TSA plates (Table 3). However, the proportion of Bacteroidetes is minimal 
to none in samples from nymphs raised in any concentration of amoxicillin (MIC-
5xMIC), whereas it varies in nymphs raised in no amoxicillin.  
Operational taxonomic units (OTUs) were classified based on 97% 16S rRNA 
similarity. The number of OTUs found in each sample varied (Figure 2), ranging from 19 
OTUs in cultures derived from a TSA plate from a nymph raised without amoxicillin to 
three OTUs on a TSA + amoxicillin plate from a nymph raised in 5xMIC amoxicillin.  
There were differences in the numbers of OTUs across the MIC levels for both 
treatments. Counts of species on TSA plates were much higher than on TSA + 
amoxicillin plates. For example, in the treatment group raised in 0% amoxicillin, counts 
on TSA plates were nearly five times as high as counts on amoxicillin + TSA plates. 
There is also a general trend of decreased number of OTUs/richness with increased 
antibiotic exposure. For the amoxicillin + TSA-plated samples, the number of OTUs in 
the 0% amoxicillin treatment group is roughly 10.5, whereas it is only 4 in the 5xMIC 
treatment group. The same trend can be seen in TSA-only plated groups. The number of 
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OTUs in the 0% amoxicillin treatment group is roughly 60, whereas it is half that in the 
5xMIC treatment group. 
Non-metric multidimensional scaling (NMDS) (Figure 3) was used to spatially 
compare the similarities of the bacterial cultures obtained from dragonfly nymphs raised 
in each of the treatment groups. Samples primarily separate by the medium used for 
cultivation, with cultures on TSA plates clearly being distinct from those on TSA + 
amoxicillin (Figure 3). Within each plate type, cultures were separated by the treatment 
group each nymph was raised in, with continuous transitions from nymphs raised in no 
amoxicillin through the MIC, 2xMIC, and 5xMIC for each plate type. 
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Taxon 0% MIC 2xMIC 5xMIC 
Acidobacteria 0.0025 0.0033 0.0025 0.0025 
Actinobacteria 0.53 0.0033 0.0575 0 
Armatimonadetes 0 0 0.0025 0 
Bacteria_unclassified 0.0275 0.0033 0.115 0.0475 
Bacteroidetes 0.265 0.03 0.34 0.03 
Chloroflexi 0 0 0 0 
Deinococcus-Thermus 0 0 0 0 
Firmicutes 67.3925 22.5667 15.545 11.725 
Planctomycetes 0 0 0.0525 0 
Proteobacteria 31.78 77.4 83.885 88.1925 
 
 
Table 3. Percentage of major bacterial phyla and subphyla associated with each sample 
raised on TSA plates. The averages of the four surviving nymphs in each of the four 
treatment groups (0% amoxicillin, MIC, 2xMIC, 5xMIC amoxicillin) are shown.  
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Figure 2. Diversity of cultures obtained from dragonfly nymphs raised in different levels 
of amoxicillin and assessed through observed species richness. Scores are calculated from 
next generation sequencing of pooled cultures on a plate. Figure 2.a. Mean number of 
species in cultures obtained from TSA + amoxicillin plates from nymphs raised in 
different concentrations of amoxicillin (0%, MIC, 2xMIC, and 5xMIC). Figure 2.b. 
Mean number of species in cultures obtained from TSA plates from nymphs raised in 
different concentrations of amoxicillin (0%, MIC, 2xMIC, and 5xMIC). The error bars 
represent the spread of the data within each treatment group around the mean value.  
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Figure 3. NMDS plot displaying the similarities between bacterial cultures obtained from 
dragonfly nymphs exposed to different levels of antibiotic and cultured on amoxicillin 
plates and TSA plates. Samples taken from nymphs raised in 0% amoxicillin are green; 
MIC yellow; 2xMIC orange; 5xMIC red. For each treatment, nymphs plated on TSA + 
amoxicillin plates are squares; circles represent samples plated on TSA-only plates.  
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Discussion 
Bacterial communities associated with any living organism are affected by 
changes in the environment. The use of antibiotics in agriculture has proven to be a 
public health concern (Chang et al., 2015), even though the use of antibiotics in 
agriculture continues to rise (FDA, 2012). These antibiotics can enter agricultural runoff, 
which can enter local water systems (Wang et al., 2016), so that horizontal gene transfer 
of antibiotic resistance genes between environmental bacteria is possible (Davies, 1994). 
Dragonflies are a part of many aquatic food chains, so if exposure to antibiotics increases 
the presence of antibiotic resistant bacteria in these organisms, there is the possibility of 
conferring antibiotic resistant bacteria to other organisms that prey upon them such as 
fish (Uilenburg et al., 2006). This study investigated and compared the culturable 
bacterial communities associated with dragonfly nymphs exposed to different 
concentrations of the antibiotic amoxicillin.   
Samples were taken from dragonfly nymphs raised in different concentrations of 
amoxicillin for ten days, in order to determine the bacterial communities of each of the 
samples. Based on the CFU counts it can be concluded that increased exposure to 
antibiotics results in more antibiotic resistant bacteria within dragonfly nymphs. This 
could be because specific bacteria became adapted and resistant to amoxicillin, or that 
existing bacterial species were replaced by those that showed amoxicillin resistance. 
Comparing the communities of cultured bacteria suggests the latter explanation, as the 
cultures clearly differed from nymphs raised on zero amoxicillin to those raised with 
increasingly higher concentrations of this antibiotic present. This was even apparent on 
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non-antibiotic plates, with the cultures of dragonfly nymphs differing in their bacterial 
communities between the different antibiotic treatment levels. 
Nymphs were not identified to the species level, but were collected from the same 
habitat and selected based on similar size and appearance, with the assumption that they 
were the same species. To some extent, this assumption is supported by the culture 
identification, as the culturable bacterial communities collected from replicate nymphs in 
the same treatment were similar (or at least more similar than between treatments) 
(Tables 2 and 3). Host species has been shown to be a factor influencing microbiome 
composition, but as shown in this experiment, environmental conditions and the presence 
of potential contaminants is also important (Yun et al., 2014). The microbiome of insects 
can be important in resistance to pathogens, and acts not only to prevent infections, but to 
protect the insects from bacteria that may persist in their bodies (Haine et al., 2008). 
Thus, changes in the composition of the bacterial community within dragonfly nymphs, 
as induced by exposure to antibiotics, could have implications for the host organisms 
ability to respond to pathogens. 
Proteobacteria was the dominant phylum of cultured bacteria, with the subphyla 
Betaproteobacteria and Gammaproteobacteria, making up the majority of all recovered 
cultures, respectively. Samples taken from both antibiotic and TSA plates also showed a 
high proportion of Firmicutes.  This data is similar to that of previous studies on 218 
different species of insects showing that insect gut microbiota are dominated by 
Proteobacteria (62.1%) and Firmicutes (20.7%) (Yun et al., 2014). Furthermore, Nair and 
Agashe (2016) cultured the gut microbiomes of dragonflies for various host species and 
found the order Enterobacteriales (phylum: Proteobacteria) to make up the majority of 
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their microbiomes. Members of the phylum Firmicutes (orders Bacillales and 
Lactobacillus) were also found to be in relatively high proportions (Nair and Agashe, 
2016), similar to the results obtained here. 
This study shows that increasing dragonfly nymphs’ exposure to antibiotics leads 
to increased numbers of antibiotic resistant bacteria. It is possible that these bacteria can 
be retained into the dragonflies’ adult life, although further studies would need to be 
conducted to support this hypothesis. If this is true, antibiotic resistant bacteria could be 
transmitted over long distances, as some adult dragonflies can migrate over hundreds to 
thousands of kilometers (May, 2013) and to different species of animals that prey on 
these adults. Antibiotic-resistant bacteria in the environment is an increasing public 
health concern, and aquatic ecosystems have been recognized as a reservoir for such 
bacteria. The number of antibiotic resistant bacteria can be increased by the trace 
amounts of antibiotics detected in waste water treatment plants, and water distribution 
systems may serve as an important reservoirs for the spread of antibiotic resistance (Xi, et 
al., 2009). This study suggests that organisms within aquatic ecosystems can be carriers 
of antibiotic resistant bacteria and this can be pronounced in environments subject to 
effluent containing antibiotics.  
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